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Background 

This invention relates generally to using disk caches 
in connection with disk drive storage devices. 

Peripheral devices such as disk drives used in 
5 processor-based systems may be slower than other circuitry 
in those systems. The central processing units and the 
memory devices in systems are typically much faster than 
disk drives. Therefore, there have been many attempts to 
increase the performance of disk drives. However, because 

10 disk drives are electromechanical in nature there may be a 
finite limit beyond which performance cannot be increased. 

One way to reduce the information bottleneck at the 
peripheral device, such as a disk drive, is to use a cache. 
A cache is a memory location that logically resides between 

15 a device, such as a disk drive, and the remainder of the 
processor-based system, which could include one or more 
central processing units and/or computer buses. Frequently 
accessed data resides in the cache after an initial access. 
Subsequent accesses to the same data may be made to the 

20 cache instead of the disk drive, reducing the access time 
since the cache memory is much faster than the disk drive. 
The cache for a disk drive may reside in the computer main 
memory or may reside in a separate device coupled to the 
system bus, as another example. 
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Disk drive data that is used frequently can be 
inserted into the cache to improve performance. Data which 
resides in the disk cache that is used infrequently can be 
evicted from the cache. Insertion and eviction policies 
5 for cache management can affect the performance of the 
cache. Performance can also be improved by allowing 
multiple requests to the cache to be serviced in parallel 
to take full advantage of multiple devices. 

In some cases, information may be taken and stored in 

10 the disk cache without immediately updating the information 
in the disk drive. In a write back policy, information may 
be periodically written back from the disk drive to the 
disk storage. Such write backs may occur when the system 
is idle and such write backs would otherwise not adversely 

15 affect performance and during power cycles. 

Generally, these write backs are handled in atomic 
units that correspond to what are called logical block 
addresses. Logical block addresses are the addressing 
units utilized by some operating systems to address 

2 0 information on the disk drive. Generally, an operating 
system may translate a logical block address utilized by 
software on a computer system into a physical sector 
address actually utilized on a particular disk drive. 

Thus, conventionally, write backs from disk caches to 

25 disk drives occur for the information on one cache line at 
a time. As a result, a relatively large number of disk 
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accesses may be necessary. Of course, the idea of the disk 
cache from the beginning was to reduce the number of 
relatively slow disk accesses. 

Thus, there is a need for alternate ways of writing 
5 back data from disk caches to disk drives. 

Brief Description of the Drawings 
Figure 1 is a high level depiction of one embodiment 
of the present invention; 

Figure 2 is a chart showing a hypothetical 
10 organization of data for write back requests in accordance 
with one embodiment of the present invention; and 

Figure 3 is a flow chart for software for implementing 
one embodiment of the present invention. 

Detailed Description 
Referring to Figure 1, a portion of a system 10, in 
accordance with one embodiment of the present invention, is 
illustrated. The system 10 may be used in a wireless 
device such as, for example, a personal digital assistant 
(PDA), a laptop or portable computer . with wireless 
capability, a web tablet, a wireless telephone, a pager, an 
instant messaging device, a digital music player, a digital 
camera, or a desk top computer, to mention a few examples. 
The system 10 may be used in wireless applications as one 
example. More particularly, the system 10 may be utilized 
as a wireless local area network system, a wireless 
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personal area network system, or a cellular network, 
although the scope of the present invention is in no way 
limited to wireless applications. 

The system 10 may include a controller 20, an 
5 input/output (I/O) device 28 (e.g., a keypad, a display), a 
memory 30, and a wireless interface 32 coupled to each 
other via a bus 22. It should be noted that the scope of 
the present invention is not limited to embodiments having 
any or all of these components. 

10 Also coupled by the bus 22 is a disk cache 26 and a 

disk drive 24. The disk cache 26 may be any type of non- 
volatile memory including a static random access memory, an 
electrically erasable programmable read only memory, a 
flash memory, a polymer memory such as ferroelectric 

15 polymer memory, or an ovonic memory, to mention a few 

examples. The disk drive 24 may be a magnetic or optical 
disk drive. The controller 2 0 may comprise, .for example, 
one or more microprocessors, digital signal processors, 
microcontrollers, to mention a few examples. 

20 The memory 3 0 may be used to store messages to be 

transmitted to or by the system 10. The memory 30 may also 
be used to store instructions that are executed by the 
controller 2 0 during the operation of the system 10, and 
may be used to store user data. The memory 3 0 may be 

2 5 provided by one or more different types of memory. For 

example, the memory 3 0 may comprise a non-volatile memory. 
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The I/O device 28 may be used to generate a message. 
The system 10 may use the wireless interface 32 to transmit 
and receive messages to and from a wireless communication 
network with a radio frequency signal . Examples of these 
5 wireless interface 32 may include a wireless transceiver or 
an antenna, such as a dipole antenna, although the scope of 
the present invention is not limited in this respect. 

The system 10 may implement a cache write back policy 
in which data is flushed or evicted from the non-volatile 

10 disk cache 26 and written back to the disk drive 24 upon 
the occurrence of particular events. A driver 50 for 
implementing the write back policy may be stored in the 
memory 3 0 in one embodiment of the present invention. In 
general, the write back policy in accordance with some 

15 embodiments of the present invention, may reduce the number 
of accesses to the disk drive 24. The disk drive 24 may be 
an optical or magnetic disk drive and by reducing disk 
accesses, access time may be improved. The disk accesses 
may be reduced by coalescing a number of write back 

2 0 requests into a larger single request that can be 

implemented on the disk drive 24 in advantageous fashion. 

Conventionally, write back requests are handled one 
cache line at a time. As an example, a cache line may be 
made up of eight consecutive logical block addresses in one 

25 embodiment. However, the inventors of the present 

invention believe that this policy is unduly restrictive 
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and unnecessarily reduces the performance of the disk 
drive . 

Thus, in some embodiments of the present invention, 
units, such as logical block addresses, which correspond to 
5 more than one cache line may be written back at the same 

time. Using coalesced write backs may reduce the number of . 
disk accesses and thereby improve disk access time in some 
embodiments . 

In order to better understand certain aspects of the 

10 present invention, a hypothetical organization of a disk 

storage device is shown in Figure 2. Figure 2 is in no way 
limiting on the present invention, but merely amounts to a 
hypothetical illustration to demonstrate the operation of 
some embodiments of the present invention. In this 

15 example, the disk drive storage may be arranged in a four- 
way, set associative organization. Various logical block 
address regions may be organized in rows called sets 0 
through 3 and columns called ways 0 through 3 in the 
example. Thus, in Figure 2 (on the left), a dirty logical 

20 block address 0 is situated at set 0 way 0. The dirty 

logical block address 0 may correspond to a cache line with 
eight consecutive logical block addresses, the first of 
whose addresses is 0. Similarly, set 0, way 2 may hold a 
disk cache line whose first logical block address is 1000 

25 and is marked as being dirty. "Dirty" is a term of art 
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that describes data contained in the cache that has not yet 
been written back to the disk drive. 

An implementation of a conventional write back system 
is indicated as "Single CL WB's" in Figure 2. Since it is 
5 dirty, the cache line at set 0 way 0 would be 

conventionally written back in one disk access. Next, the 
cache line in set 0 at way 2 would be written back because 
it is the next dirty cache line. Then the cache line at 
set 1 way 0 would be written back, followed by the cache 

10 line at set 1 way 3, each a separate write back request. 
Thereafter, separate write back requests would be created 
for set 2 way 0, set 2 way 2, set 3 way 0, and set 3 way 3. 
In order to write the data back, seven separate disk write 
requests may be implemented in this hypothetical example. 

15 In accordance with one embodiment of the present 

invention, indicated in Figure 2 as "Multiple CL WB's," 
only three write back requests are utilized. Each way and 
set may correspond to a single cache line of eight 
consecutive logical block addresses. The first disk access 

2 0 may write back the dirty cache lines and 32 blocks at set 0 
way 0, set 1 way 0, set 2 way 0, and set 3 way 0, in 
accordance with one embodiment of the present invention. 
The next write request may include the information in set 0 
way 2 and set 1 way 3 which corresponds to 16 blocks. The 

25 final write request may include the two lines from set 2 
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way 2, and set 3 way 3, comprising 16 blocks for a total of 
three write back requests. 

Single cache line disk writes result in several more 
atomic disk accesses, and the potentially fragmented 
5 requests may cause disk seek delays. Coalescing cache line 
write backs into larger disk cache accesses may result in 
fewer accesses and less disk seeks. 

In accordance with one embodiment of the present 
invention, the disk accesses are coalesced based on logical 

10 block addresses in order to reduce seeks. As a result, the 
driver 50 builds the write disk accesses so that successive 
writes occur sequentially on the disk instead of using the 
set and way arrangement to build write requests. This 
approach may improve response time of applications by 

15 keeping a disk cache cleaner and taking less time to clean 
the cache in some embodiments of the present invention. 

The cache line cleans may span multiple logical block 
addresses. This approach may utilize the natural 
rotational characteristics of a cache rotating media drive. 

20 The driver 50 also has the ability, in some embodiments, to 
scan in both directions on the cache. An implementation 
may have a pointer that starts in the middle of a given 
set, but may scan in both forward and reverse set number 
directions in the cache to build a single disk request 

25 covering some number of logical block addresses. 



Referring to Figure 3, the write back driver 50 may be 
a stand alone piece of code or may be part of some other 
software, such as a basic input/output system, or an 
operating system in some embodiments. Initially, a check 
5 at diamond 52 determines whether a write back situation has 
arisen. Namely, a check at diamond 52 may determine 
whether the system is idle and a write back at this point 
would not adversely affect the performance of the disk 
drive subsystem. If the disk drive subsystem can be 

10 considered idle, a first dirty logical block address is 
located in accordance with one embodiment of the present 
invention as indicated in block 54. In the example shown 
in Figure 2, the first logical block address may be the one 
in the cache line that starts with the logical block 

15 address 0 at set 0 way 0. In this example, a block of 
logically addressable data is utilized but, in other 
embodiments, other logical or physical addressing schemes 
may be utilized. 

Once a dirty logical block address is found, as 

2 0 indicated in diamond 56, the software 50 may scan forward, 
in one embodiment, for the next dirty logical block address 
as indicated in block 58. In other words, the system may 
scan forward within the set that includes the first dirty 
logical block address from one way to the next successive 

25 way looking for the next dirty logical block address. In 
other embodiments, the software may first scan backwards. 
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A check at diamond 60 determines whether the next 
dirty logical block address is sufficiently proximate to 
the first dirty logical block address. The determination 
of proximity may be dynamic or fixed. In a dynamic system, 
5 proximity may change based on circumstances. Proximity may 
be dynamic depending on the nature of the idle state, the 
nature of the disk drive, or the nature of the cache, to 
mention a few examples. In a static system, the measure of 
sufficient proximity may be fixed. In any case, a 
10 determination is made of whether two logical block 

addresses are sufficiently proximate that they may be 
coalesced into one write request. If so, the flow cycles 
back to look for the next proximate dirty logical block 
address . 

15 Once there are no more proximate logical block 

addresses scanning forward as determined in diamond 60, a 
backward scan may be implemented as indicated in block 62 
in one embodiment. In another embodiment, the scanning may 
be backwards then forwards . The backward scan may begin 

20 from the first dirty logical block address that was found 
in block 54. However, in some embodiments of the present 
invention, bidirectional scanning may not be utilized. 

Once the proximate logical block addresses are located 
as determined in block 64, those logical block addresses 

25 may be written back to the disk drive as one atomic disk 
request. The entire set of coalesced logical block 
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addresses may be written back from the disk cache to the 
disk drive. In the course of such coalesced write backs, 
some clean data may be written back as well in order to 
reduce disk seek time. 
5 As an example of forward and backward scanning, under 

a given condition, the forward scanning, in one embodiment 
of the present invention, may begin at set 1, way 0 in the 
chart on the left side of Figure 2. Then as a result of 
forward scanning the blocks at set 2 , way 0 and set 3 , way 

10 0 may be identified. Thereafter, backward scanning may 
identify the dirty information at set 0, way 0. All 64 
blocks of dirty information may be the subject of one 
atomic disk request to write back the data from the cache 
to the disk drive. 

15 In some embodiments of the present invention, 

coalesced write back events reduce the time it takes to 
clean a cache. In some embodiments, due to lower demands 
on the system to write back disk data, overall system 
performance may be improved. This may result in 

20 significantly faster shutdown times, since shutdowns 
typically require a coherent cache. 

While an example of an associative memory is given 
herein the present invention is not necessarily so limited. 
It may apply to any other types of memory including direct 

25 mapped memories. 
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While the present invention has been described with 
respect to a limited number of embodiments, those skilled 
in the art will appreciate numerous modifications and 
variations therefrom. It is intended that the appended 
5 claims cover all such modifications and variations as fall 
within the true spirit and scope of this present invention. 

What is claimed is: 
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